Reliability of 'in-season' fitness assessments in youth elite soccer players: a working model for practitioners and coaches.
Citation (please note it is advisable to refer to the publisher's version if you intend to cite from this work) Typical error (TE), coefficient of variation (CV), the smallest worthwhile change (SWC) was then calculated between trials. Test usefulness was then calculated by comparing the 'SWC'
to the TE and rated as; good, OK or marginal. The smallest difference needed to be considered real (MD), was also calculated using the equation (TE×1.96×√2). Results: Most assessments demonstrated relatively high levels of reproducibility (CV; 0.3 -4.3 %) to witness an "almost certain beneficial change" (i.e.,>MD) changes of approximately 5%
(RSA best , RSA mean , 10m & 20m sprint, 'agility T test' and 1RM HBS), and 11.5% (VJ, 5m sprint, and Yo-Yo IR2) are needed. Conclusions: The present training and testing 'model' is reliable and could be used when evaluating the fitness of highly trained youth elite soccer players during the 'in-season' period. 
INTRODUCTION
Elite football players require a range of dynamic and discrete physical qualities and capacities (e.g., strength, speed, aerobic capacity and agility). As such, the implementation of systematic fitness assessments across the season has been recommended (Reilly, 2007) . If implemented in the correct manner, this process can allow the coaching staff to establish 'baseline data' for their players, highlight individuals' and teams strengths and/or weaknesses, assess the effectiveness of training interventions, track players across time and inform future training strategies (Maud & Foster 2006) . Alternatively, if assessments are not reliable or conducted frequently enough, they are less likely to inform the coaches decision making process (Cross & Lyle 1999) . Therefore, it is vital that assessments are reliable and implemented in a way that has synergy with the coaches' philosophy and can be performed at various time-points throughout the season with minimal impact upon other important aspects, such as training and match-play related activities.
Performing a 'battery' of fitness tests (using field based tools) in one day has been recommended (Turner et al. 2011) . In this regard, assessments of strength (e.g., repetition maximum [RM] tests), speed (e.g., 5 to 30 meter sprints), power (e.g., counter-movement jump tests), sports specific aerobic/anaerobic capacity (e.g., Yo-Yo tests, repeated sprint assessments), and agility tests (e.g., T-Test, 5-0-5 agility) are recommended for youth professional soccer players (Hulse et al. 2013) . A 'testing battery' can take one training day to complete (n=15-20 players), (usually across a morning and afternoon session), where, power and speed based movements are conducted in the morning and anaerobic and strength related tests are administered in the afternoon (Walker and Turner 2009 ).
Although, removing even one day from the weekly 'in-season' training schedule can be a challenge in professional football. As a compromise, it is possible that tests could be separated across the training week and be performed around the soccer-specific training that worthwhile change' (SWC), and minimal change required to be considered 'real' (MD) using methods previously described by (Buchheit et al. 2010) . Sum of 8 skinfolds; 64.8±17.4 mm; training history; 4-6 d·wk -1 ·2 years). Each player had previously completed all tests on 5 or more occasions. All participants were given oral and written information concerning any possible risks associated with protocols prior to the study. All participants gave their written informed consent to participate in the study. The study was approved by the Institutional Review Board (IRB) at a University within the United Kingdom.
METHODS

Participants. Nineteen players from a Premier League academy in
Study design
The present experimental study followed a test-re-test design where a battery of fitness assessments where performed around one week of 'in-season' training on two occasions separated by 7 days. The scheduling of testing and training is presented in Table 1 . Where sprint time × 100) -100) were used for analysis (Buchheit et al. 2010) . Training load. The players perceived training load for each exercise bout was measured using the rating of perceived exertion method (sRPE-TL) (Foster et al., 1995) .
Global positioning devises were also placed on the players during each 'pitch-based' training session (STATSports Group Limited). Resistance-training volume was characterised using the volume load (VL) method (reps x sets x weight [kg]) (Schoenfeld et al., 216) .
Statistical Analyses. To examine the reliability of the test over the two consecutive trials the magnitude of differences between consecutive trials was expressed as a standardised mean difference. Here, the effect size (ES) was calculated from the ratio of the mean difference to the pooled standard deviation. The magnitude of the ES was classified using guidelines outlined by Hopkins (2001) (less than 0.2; trivial, 0.2-0.5; small, 0.5-0.8; moderate, more than 0.8; large). To allow comparison the typical error of measurement (TE) was also calculated and expressed as a coefficient of variation (CV) (Atkinson & Nevill 1998) . The smallest worthwhile change (SWC) was calculated by multiplying the smallest worthwhile effect (i.e., 0.2) by the pooled standard-deviation (Hopkins 2011) . The usefulness of the test was assessed by comparing the 'SWC' with the TE and was rated using indicators outlined 
RESULTS
Training load agreement between experimental weeks.
Internal and external training load data for each category of training is presented in Table 2 . Each training day was matched and compared between training weeks. Whilst some differences in 'perceived training load'
(sRPE-TL) existed, there were no statistical differences between weeks and differences between weeks and were classified as 'trivial'. External training load metrics were also similar between experimental weeks and considered as 'trivial' or 'small'.
INSERT TABLE 2 HERE
All reliability data is presented in table 3. Differences in all measurements between repeated trials displayed "trivial" ES. The TE and CV was considered low for all assessment (<5%) whereas the CV for RSA Dec was considered very high (28%). The 'usefulness' of each test was calculated by comparing the SWC with the TE and was rated using indicators outlined by Buchheit and colleagues (2010) . This then allowed the researchers to establish the minimum change needed to be observed for it to be considered 'real'. Changes in performance likely to be "real" ranged from 1.9% to 11.5%. sprint, and Yo-Yo IR2) to attain an "almost certain beneficial" increase in performance. This might be useful information for practitioners who would like to be able to distinguish between changes in physical performance across the season. Although, the 'repeated sprint decrement' (CV; 28%, MD; 60%) demonstrated a high degree of variability, was considered unreliable and therefore should be treated with caution by practitioners.
In the present study, all participants had been training within the academy on a full time basis for approximately 2 years and had completed the tests on 5 previous occasions as part of their habitual training regime. As a result, athletes' training background and degree of familiarisation might explain the high level of reproducibility observed. In this regard, a similar models could be implemented in other professional training environments, where the players have a similar training history and exposure to testing protocols (e.g., 'English premier league academies'). Whilst, the sample size used in this study could be considered as small (Hopkins et al. 2001 ) a football team typically comprises of 15-20 athletes. Therefore, is would be difficult to replicate this study with a larger group of athletes (>40) (i.e., and 
Conclusion
This study offers a unique insight into how fitness testing procedures could be organised across an 'in-season' micro-cycle in youth professional football. Given that good levels of reliability were evident, the arrangement of each test and the day-by-day training-load planned before and after each training session could be suggested as a guideline that practitioners could use when designing 'in-season' training and testing. Practitioners who choose to use the present training and testing paradigm should aim to implement them at predetermined times-points of the season in line with the annual plan. Indeed, the addition of fitness testing to a typical training week would inevitably increase the total 'training-load' for that particular week. As such, if planned appropriately this could be used to help the coach manipulate the intensity and volume of the training week and thus could be implemented as a 'heavy' or 'high' training week which might precede a 'low' or 'moderate' training week.
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